confirmed cases of microcephaly related to Zika and 102 cases under study. Next in order, Puerto Rico (2.6% of confirmed cases) and Venezuela (2% of confirmed cases and 11.8% of suspected cases). 5 PAHO / WHO on alert issued, recommended countries to establish integrated control to reduce virus transmission measures, including identifying areas of high risk of transmission 2 . This study estimated the basic reproductive number (R 0 ) as an indicator of potential Zika transmission in Antioquia. R 0 is the average secondary cases generated by an infecting when introduced into a completely susceptible population. 6 Antioquia is located in northwestern Colombia with more than 6 million people. The territorial division consists of 125 municipalities divided into 9 subregions ( Figure   1 ). It has great diversity of tropical climate, with the presence of A. aegypti, distributed in more than 80% of its land area. Antioquia reported the highest number of municipalities with laboratory-confirmed at week 28 of 2016 7 . Antioquia had a rapid spread of the disease in some subregions, cases presented more aggressive symptoms than other arboviruses, such as joint pain, eye commitments and emerging neurological conditions. Given the poor relationship between the transmission of dengue and entomological indicators, this paper estimated R 0 from a SIR model with implicit vector dynamics, following the work of Pandey et al 8 .
PAHO established some entomological indices to determine the risk of transmission of dengue 9 . However, it indicated that these indices are not accurate.
For example, Focks 10 found a weak relationship between larval indices and production of adult mosquitoes, responsible for transmission. It has also been determined that less than 20% of deposits are responsible for over 80% of Aedes adults 11 . Similar results have also been reported by Bowman 12 and Boyer 13 .
Particularly the latter suggest that traditional infestation indexes of Aedes should not be considered indicators of epidemiological risk. In Medellin, the capital of Antioquia, no relationship between traditional entomological indexes and the incidence of the disease for dengue epidemic registered in 2010 was observed 14 .
The estimate of R 0 with an implicit vector dynamics uses the data available for epidemiological surveillance, given the limitations of the entomological indicators to establish the potential for transmission or level of risk in the ongoing Zika epidemic.
Methods
We estimate the basic reproductive number of Zika with daily accounts of cases by municipality, reported to the surveillance system of Antioquia ("SIVIGILA"). We used a simplified SIR model with implicit dynamic vector, as explained in the appendix.
Data Sources
Data were obtained from the anonymous database of the public health surveillance Discarded cases by laboratory confirmation of another disease were excluded.
Parameter estimation
The epidemic parameters were estimated using NLREG version 6.5 (P. Sherrod, As the SIR model and all analysis derived from it deal with retrospective depersonalised routine notification data, ethics approval for the study was not required.
Results
Between January 1, 2016 and April 11, 2016 (i.e., week 1 to 15) were reported 1935 cases of Zika in 74 of the 125 municipalities of Antioquia and nine subregions to the Secretary of Health. Of these, 1864 cases were residents in Antioquia (96.3%) in municipalities located below 2200 meters above sea level Table 1. 1841 cases were analyzed, after discarding 23 cases due to other diagnoses.
Laboratory confirmation of cases was less than 1% (15/1841). In two municipalities was estimated R 0 , using data only of clinical or laboratory-confirmed cases, but due the low frequency of confirmation, data of suspected and confirmed cases were used in 11 municipalities and only suspected cases in 7 municipalities Table   1 .
Cases were primarily women (67.1%), aged 15 to 44 years old (63.7%) and residents in urban areas (81.8%). These age and gender distributions were similar by municipality Table 1 .
We estimated R 0 for 20 municipalities that had reported more than 15 cases in the period analyzed. The data of the date of onset of symptoms were available in 99.5% of cases. This study has some limitations. The data used here are limited because few cases were laboratory confirmed and there is under-diagnosis or underreporting of cases that could lead to sub-estimation of R 0 . Additionally, the presence of asymptomatic individuals so far estimated at 80% in other contexts 21 3 could affect estimation R 0 in our model that assumes that we are counting all infectious cases.
The comparisons of our estimations of R 0 for Zika with the reported values in the literature is difficult to carry out as different models are used by different studies. Other authors have analyzed data from the initial phase of the epidemic based on the exponential growth rate, using phenomenological models.
Majumder, et al. 23 , used exponential smoothing models as well as Incidence Decay and Exponential Adjustment (IDEA) model to estimate R 0 for Colombia and other countries, using the published digital data HealthMap and the NIH. They estimated an average R 0 of 4.82 (range 2.34-8.32).
Nishiura, et al.
24
, estimated R 0 from Colombia, using maximum likelihood methods. 
Appendix From the Vector SIR Model to the simple SIR model
The standard SIR vector model is given by the following system of nonlinear and coupled differential equations where the equations (1), (2) and (3) describe the human population classified as susceptible (S h ), infected (i h ) and removed (R h );
and equations (4) and (5) describe the mosquito population classified as susceptible (S m ) and infected (i m ) 16 . We assumed that the mortality, migration and natality were negligible because the short time scale of the epidemic occurrence.
where ̃ ( ̃ And the model parameters are as follows:
: bitting rate : probability of effective transmission from human to mosquito by bite.
: probability of effective transmission from mosquito to human by bite.
: per capita recovery rate of Zika infection in humans : per capita mortality rate in mosquitoes.
N h : total human population N m : total mosquito population.
We assume that the densities of susceptible mosquitoes and infected mosquitoes are constant over time and obtain a simplified SIR model as below. That is,
Substituting (6) and (7) in (5) we obtain:
From (8), it follows that:
Using (6) and (9) in (1) we obtain:
Using (6) and (9) in (2) we obtain:
Since is assumed constant, we define average effective infectivity as in Pandey et al. (2013) 8 (12) Hence the equations (10) and (11) can be rewritten as:
Rewriting the equation (3) ( ) ( )……………………………………………………… (15) It shows that the human population satisfies a simple SIR model given by equations (13), (14) y (15) .
For the effective SIR model ( (13), (14) and (15)) the basic reproduction number R 0 is given by:
Substituting (12) in (16), we obtain an R 0 which is similar to the reproduction number of the classic Ross-Macdonald model
it is to say is the average number of new infected humans generated by an infectious mosquito, and represents the average number of new infected mosquitoes generated by a single infected human.
An approximate solution for the effective SIR model and obtaining R 0
The SIR model (13), (14) and (15) 
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